XASTRO is an on-going study being performed by VEGA IT GmbH for the European Space Operation Centre (ESOC). The purpose of the study is to define an XML based data exchange framework by which space programmes can more effectively exchange system engineering information between customer, contractors and suppliers throughout the life cycle of a mission. The paper presents the current status of the study and outlines future work to be performed.
Introduction
It is widely accepted that data exchange and management of many space missions is less than optimal. There are a number of factors in most of today's space missions that hamper an efficient data transfer process throughout a mission, including the following:
Huge quantity of information in the space domain. Wide range of information types represented in a diverse range of formats. Many organisations geographically distributed. Information is generally document driven and the data content is tightly coupled to how the data is presented.
The objective of the XASTRO study is to define a framework, which can improve the exchange of system engineering information between customer, contractors and suppliers within space programs. A prototype of this language is being defined as part of the Innovative Technologies projects funded by the European Space Agency (ESA). The aim is to streamline the data exchange process, improve automation, and support distributed and multidiscipline engineering activities. As well as physical and functional attributes (e.g. size, mass, power, thermal, signal-to-noise ratio, pointing-accuracy) there is also need to support other essential data (e.g. cost, reliability, version control, materials trace-ability, quality assurance etc.) throughout the life-cycle of a mission. It is therefore essential that the framework is extensible to support the needs of diverse missions and is able to evolve as the demands on a space programme change.
The framework shall consist of an Astronautics Reference Object Model, which provides formalised description of the entities within a space system. It has been decided to use the Unified Modelling Language (UML) to define the ASTROM. The rationale for this was that UML makes the model more understandable to the domain expert than can be achieved through XML. The XASTRO data exchange language will be derived from the ASTROM and will be expressed as W3C XML Schema(s). XASTRO will be the interchange format for exchange of system engineering information. A default mapping from UML to XML has already been defined by the Object Management Group's (OMG) XML Meta-data Interchange (XMI) version which allows UML tools developed by different vendors to interchange models. XMI is sufficient for data-orientated information, but it is necessary to transform this information into more text-orientated schema(s) that are more understandable by human readers. The study is therefore investigating the use of XSLT to transform the XMI definition into the XASTRO XML schema(s). This approach is also well aligned with the OMG's new initiative for Model Driven Architecture (MDA).
It is envisaged that the XASTRO definition will encompass a family of XML vocabularies defined in W3C XML schema(s). The schema(s) give a framework for space-related XML vocabularies defined for specific space engineering domains. XASTRO however does not try to cover all aspects of the systems engineering domain, such as requirement analysis or system validation. It also does not try to replace the specialist analysis domains, but rather provides the framework by which information can be exchanged between these disciplines.
XASTRO Use Cases
There are a number of cases in which it is envisaged that XASTRO could be utilised. This list is not exhaustive, but is intended to provide the reader with a better understanding of how XASTRO could be applied to a real space mission.
CONCURRENT ENGINEERING
Concurrent engineering requires the bringing together of a number of domain specialists to engineer a complete system solution. Each domain specialist must work together, as part of a team, as changes to the system from one domain view may have impacts in another domain view. Trade-offs must be continually made between the different specialists, in order to reach an optimal design that meets all the mission requirements. For example, a payload specialist may have a certain power requirement to meet his or her mission objectives. This however has impact on the power engineer, as this will influence aspects of the power design, such as sizing of the solar arrays and batteries. This impacts on the structural engineer, who will have to accommodate larger arrays and heavier batteries. This in turn influences the overall size and mass of the spacecraft, which makes certain demands on the spacecraft launcher. Given a certain set of mission boundary conditions, trade-offs have to be made and the design iterated until the mission requirements are satisfied.
To support the concurrent engineering process, data must be exchanged between the domain specialists. Each specialist will create a model of the mission that represents his or her domain specific view of the system. XASTRO could support this process by providing a mechanism by which information from one domain view can be shared with another domain. XASTRO can support this by firstly providing a common vocabulary for describing information and secondly expressing relationships between different domain views. XASTRO itself however does not provide tools but defines a framework through which analysis tools can share information.
SPACE MISSION INFORMATION MANAGEMENT
There is a huge quantity of information in a typical space mission. This information is often of widely different information types (mechanical, electrical, electronic, radio frequency, cost analysis, risk analysis, etc.) represented in a diverse range of formats. At the project level, this information is difficult to manage. XASTRO could potentially help manage this information in the following ways:
Common platform / neutral language to express multi-disciplinary information. XASTRO is based on XML, which is platform neutral and used to describe data in heterogeneous environments. Provide a mechanism to automate use of information by making it machine-readable. There are many XML parsers and processors available that can be used by tools to read XASTRO data. Provide a mechanism to mine information and show relationships across disciplines. XASTRO shall provide the mechanisms to show relationships between different discipline views. Provide a mechanism to show different levels of granularity of information. Most engineers need to look at a system at different levels of detail. This is necessary, as it is only possible for most people to comprehend a certain amount of information. XASTRO shall provide this mechanism through the concept of hierarchical decomposition and encapsulation of information. Provide a mechanism to verify consistency of information across disciplines. It is possible through the use of relationships between discipline views to ensure that information held between the two views is consistent. Although XASTRO cannot verify consistency of data by itself, it provides the relationships between views that can be used by tools to verify consistency.
DOCUMENTATION PRODUCTION
Traditionally, space mission design information is exchanged between project boundaries (i.e. organisational, departments, subcontractors, etc.) in document format. This has the problem that it is difficult for machines to extract useful information and also to ensure consistency of the real design with the document. Separation of presentation from content is particularly relevant for documents, such as Interface Control Documents (ICD), as they represent an information boundary. For example, a Battery ICD will not just describe electrical interfaces, but also thermal, telemetry, telecommand and mechanical interfaces. If this information were represented in a machine-readable format, standard XML transformation technologies, such as XSLT, can then be used to generate the relevant documentation or at least the content of certain document sections. It would also provide flexibility in applying different transformation rules to support multiple documents formats (i.e. PDF, MS Word, etc.).
SYSTEM ARCHITECTURE DEFINITION
There are many design tools that exist for specialised domains. However, when designing a complete system, it is necessary that many disciplines be considered. The system architect therefore must view the system from a number of different viewpoints with different levels of granularity. XASTRO could provide a convenient framework for describing a system architecture definition, as it is designed specifically to accommodate different system viewpoints with different levels of granularity.
RUN-TIME DATA EXCHANGE
During the operational phase of the space mission, information must be exchanged between the different system components. For example, run-time information must be transferred between the control system and ground stations. Although there are a number of technologies available to do this, HTTP/XML (i.e. SOAP) is gaining popularity as a messaging technique. These technologies have gained broad acceptance in the form of web-services, particularly in the area of e-business. As these standard technologies become more common in the space domain, XASTRO can provide a standard for the definition of space-related message content.
SYSTEM SIMULATION
The problem of data exchange within a space mission is very evident when it comes to the development of system simulators, such as an operational spacecraft simulator. For example, an operational spacecraft simulator provides a complete system level simulation of a spacecraft and is used for testing, validation and training during the pre-operational and operational phases of a mission. The simulation development team requires a large amount of detailed systems engineering information concerning the spacecraft and its interfaces to external systems and the space environment. Probably the greatest risk to the successful implementation of a system level simulator is the transfer of systems engineering information from the organisations and companies involved in the procurement of the system to the simulator development team. XASTRO could provide a mechanism to help improve the transfer of system information to the development team, firstly by defining a standard for the description of the data and secondly, by providing it in a format that is easily readable by the simulation software.
Existing Data Exchange Frameworks and Languages
As part of the XASTRO studies, a number of data exchange frameworks have been reviewed, including the following: STEP AP-233 (ISO 10303-233) -Systems Engineering Application Protocol Architecture Description Languages (ADLs) OMG System Engineering DSIG In addition to the review of data exchange frameworks, a review of space domain mark-up languages has been performed.
STEP AP-233
The Standard for the Exchange of Product Model Data (STEP) is an international standard (ISO 10303) for exchanging data between different engineering disciplines based on a neutral data format and semantics. STEP consists of a number of so-called application protocols (AP) targeting different application areas in engineering. STEP AP-233 (ISO 10303-233) is working to create an international STEP-based standard for Systems Engineering Data Representation. The STEP AP-233 working group builds directly upon the outputs of the Systems Engineering Data Representation and Exchange Standardisation (SEDRES) project and its follow-up, SEDRES-2, funded by the European Union under its ESPRIT programme. A major concern of AP-233 is to cover the complete systems engineering process with focus on the following:
Requirements and system validation System behaviour and functional architecture System physical architecture and interface control System properties, classification and data definition System engineering data management STEP AP-233 is currently under development (work in progress) and therefore it cannot be seen as a mature standard. However, being based on the STEP framework and the outcome of the SEDRES and SEDRES-2 projects, STEP AP-233 is expected to become a widely accepted standard for data exchange in systems engineering. The scope of STEP AP-233 is wider than the scope of XASTRO. However many of the fundamental ideas are also relevant to XASTRO, for example:
System and subsystem views including hierarchies System architecture description in terms of components and interfaces System properties, classification and data definition An issue for the integration of STEP AP-233 with XASTRO might be the underlying data format. STEP AP-233 is based on EXPRESS, the standard data format for information modelling used in STEP. Currently, mappings of EXPRESS to XML are being developed but as this is also work in progress, a final statement on the possibility to apply this in the XASTRO framework cannot be made at the current stage.
ARCHITECTURE DESCRIPTION LANGUAGES
Architecture Description Languages (ADL) are usually applied to model software architectures. However the underlying principles and ideas are also relevant when modelling general system architectures consisting of physical components, software and hardware as is the case for space systems. Some of the ADL concepts relevant to XASTRO include the following:
Hierarchy. Systems are decomposed into subsystems made up of components and connectors. Zooming in and out allows focusing on relevant parts of the system for a given task. Views. Systems can be modelled from different viewpoints, allowing each view to be modelled as a different hierarchical decomposition. However ADLs do not provide concepts to model relationships between the different views of a system, which is a major concern of XASTRO. In XASTRO, the viewpoints relate to the different engineering disciplines working on a space mission. Therefore, the notions of components, ports and connectors must be interpreted in a more general or abstract way in order to be useful for the XASTRO framework.
From a practical point of view, XASTRO may benefit from XML based versions of ADL's such as xArch and xADL. The XML schema(s) defined by xArch and xADL appear to be a good example of an extensible schema design. They could be a background example when designing the XASTRO framework, although is not clear yet how this approach would fit into the overall XASTRO modelling procedure concerning UML and XML schema.
OMG SYSTEM ENGINEERING DSIG
Recently, the OMG started to promote the application of UML in the area of systems engineering. The focus of the OMG Systems Engineering Domain Special Interest Group (SE DSIG) is to support evolution of UML for Systems Engineering (SE) to achieve the following goals:
Provide a standard SE modelling language to specify, design, and verify complex systems Facilitate integration of systems and software engineering disciplines Promote rigor in the transfer of information between disciplines and tools for developing systems
The SE DSIG aims to create a UML Profile for Systems Engineering and is having ongoing discussions with the UML 2.0 working group at OMG as well as with the International Council on Systems Engineering (INCOSE) and the STEP AP-233. The UML for Systems Engineering Request for Information (RFI) has been sent out by the OMG SE DSIG and there are a number of responses to the RFI, which are to be evaluated on their next meeting in Helsinki in October 2002. The activities of the OMG SE DSIG are very much aligned with the goals of XASTRO.
SPACE DOMAIN MARK-UP LANGUAGES
Most of the current space domain languages cover the spacecraft ground control system data definition domain; basically the command and telemetry definitions and other data closely associated with them. This is one of the traditional problem data interchange points, in space missions, and also one that lends itself to an XML solution as the data involved is already structured and machine readable.
XASTRO Framework Foundations
The basic foundations of the XASTRO framework have been identified through the review of current data exchange frameworks and an analysis of the requirements for different use cases. Some of the basic foundations of the XASTRO framework are now presented.
ABSTRACTION VS. REFINEMENT
When modelling complex systems, one usually starts with an abstract model, which is refined in the course of gaining a better understanding of the problem domain. It is very difficult to come up with generic concepts that allow identifying relations between abstract and refined models since these concepts are heavily bound to the underlying engineering process. Thus, the concept of abstraction vs. refinement will be handled externally to the framework under consideration. However, at a later stage, suitable configuration management mechanisms could be included into the framework. This will also become an important issue when the full life cycle of engineering data is to be captured, as in the area of product data management (PDM).
HIERARCHICAL DECOMPOSITION
The concept of hierarchical decomposition is quite natural when handling complex systems. Starting from a high-level subdivision of the system into components, each component can then be further understood by looking at its internal structure. A component can be viewed as a black box showing only the interfaces to the outside world. In object oriented technology, this concept is known as encapsulation. By drilling down into lower levels of the decomposition hierarchy, the level of detail (granularity) is increased, turning the component into a white box.
MULTI-DISCIPLINARY VIEWS
When modelling complex systems in a multi-disciplinary engineering environment, each discipline has its own view of the system under study. Furthermore, each view may even have its own decomposition hierarchy. As each of the views is a model or representation of the same system, these views are usually related. Since all XASTRO models are based on the same framework and type system, it is possible to create relationships (links) between elements of different models. A complete system can be considered as the sum of its different views, plus the links between them.
PROPERTIES
Properties are specified in terms of a property type and property value. A property value may, in a simple case, just be a text string with a narrative description, reaching to more complex behavioural properties based on specific sub-languages. User-defined properties can be defined and used in extension of the framework. However applications that are not aware of specific property types can silently ignore those properties, whilst at the same time keeping them in the data model for use by other applications.
BEHAVIOUR
Behaviour is complex to model and it is difficult to define a single framework that can describe all different types of behaviour. A simple example for a behavioural property could be a description of an algorithm in terms of pseudo code. Another example could be the functional behaviour of a software module in terms of a state chart. Behaviour shall be expressed in XASTRO as properties, allowing for more flexibility.
EXTERNAL REFERENCES
In an engineering environment, people are used to work with certain specialised tools in order to fulfil their tasks. XASTRO, being a generic data exchange framework, will not be able to describe any type of data down to the most detailed level needed by specialised tools. In order to promote data exchange even in those cases, it is desirable to include existing data sources by external references. These references can be handled as special property types. For example, a property type might be some legacy CAD file format that is used for mechanical design.
Future Work
The XASTRO study is currently in its early stages. A review of current data exchange frameworks has been performed and the foundations of the XASTRO framework identified. Future work shall now focus on the implementation of the XASTRO framework in UML and XML Schema(s). To validate the framework, models shall be created for specialised disciples and then applied to a real mission. The most suitable mission identified for the study is ESA's Cryosat Mission. Software prototypes shall also be developed that apply the framework and models to some of the use cases identified earlier in this paper. The study is expected to finish by the end of the first quarter 2003. 
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